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ABSTRACT 

Background: serum ferritin, an acute phase reactant is a marker of iron stores in the body. Several 
studies concluded that, serum ferritin was found to be high in uncontrolled type 2 diabetic patients. This 
study was carried out to investigate serum ferritin levels in poor controlled type 2 diabetes (PCD) and 
well controlled type 2 diabetes (WCD). Subjects and Methods: the study comprised of 42 apparently 
healthy controls and 84 type 2 diabetic patients. They were recruited from the Governmental and NGO's 
Hospital at Cairo, Egypt. Anthropometric measurements including: weight and height were measured 
and body mass index (BMI) was calculated. Fasting blood glucose (FBG); Glycosylated hemoglobin 
(HbAIc) and serum ferritin were determined. Patients were subdivided into PCD and WDC according 
to HbAlIc levels. Results: BMI; FBG; HbAIc and serum ferritin were significantly higher in in type 2 
diabetics compared with apparently healthy controls. Based on glycemic control; the levels of FBG and 
serum ferritin were elevated in patients with HbAlc >7. Moreover, there was a positive significant 
correlation between serum ferritin, HbAlc and FBG that was more pronounced in PCD patients. 
Conclusion: the present study showed positive association of serum ferritin levels with glycemic 
control in Type 2 diabetic patients. 
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INTRODUCTION secretion Ferritin is a specialized iron storage 
Diabetes mellitus is one of the most protein, which reflects iron stores in the body “. 
common problems caused by a combination of It has been used as a surrogate variable 
insulin resistance and impaired insulin secretion to reflect body iron stores in healthy individuals. 
by pancreatic B cells ®. Type 2 diabetes has a Previous studies have demonstrated an 
rising attitude globally. The worldwide spread association between increased SF levels and 
of diabetes among general population is higher risks of diabetes ® ”. 
estimated to increase to 300 million in 2025 *”. Glycosylated hemoglobin (HbAIc) is a 
Elevated iron stores may increase the stable, irreversible product of non-enzymatic 
risk of developing diabetes. Emerging scientific glycosylation of the hemoglobin ß-chain by 
evidence has revealed unsuspecting influences serum glucose. HbAIc is used as an indicator 
between iron metabolism and type 2diabetes. for the state of glycemic control, progression of 
The relationship is bi-directional, iron affects the disease and development of complications in 
glucose metabolism, and glucose metabolism diabetic patients °°", 
impinges on several iron metabolic pathways. It The present study is undertaken to 
is increasingly recognized that iron influences estimate the association between serum ferritin, 
glucose metabolism: even in the absence of FBG and glycemic control in type 2 adult 
significant iron overload 8, diabetes mellitus. 
Although a mechanism linking iron 
concentrations and diabetes is not established, it SUBJECTS AND METHODS 
is known that iron is a catalyst in the formation Subjects: 
of hydroxyl radicals, which may contribute This study comprises eighty four adult 
initially to insulin resistance, subsequently to patients with type 2 diabetes mellitus (treated 
decreased insulin secretion, and ultimately to with hypoglycemic drugs) as well as forty two 
the development of type 2 diabetes ©. Animal ages and sex matched apparently healthy adults 
models suggest that iron excess may result in serve as a control group. They were recruited 
beta-cells oxidative stress and decreased insulin from the Governmental and NGO's Hospital at 


Cairo, Egypt. Diabetic patients met the criteria 
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of American Diabetes Association “”. 


Subjects of the control group were confirmed by 
fasting blood glucose to be non-diabetic. The 
study was conducted after obtaining a 
permission from Ethical Committee of the 
GOTHI (General Organization for Teaching 
Hospitals and Institutions), and informed 
consent were taken from all subjects before 
commencing the study. 

The inclusion criteria include type 2 
diabetic adults (both sexes) in the age group of 
35—45 years, without complications. 

Exclusion criteria 
- Subjects received any medication other than 
insulin or complained from any acute or chronic 
illness other than diabetes mellitus. 

- Subjects have anemia therapy, acute and 
chronic inflammation and blood transfusion that 
could affect ferritin levels. 

All individuals included in this study 

were subjected to the following: 
1- Anthropometric measurements, including 
height and weight were obtained while the 
subjects were in light clothing and not wearing 
shoes. Body mass index (BMI) was calculated 
by dividing weight (kg) by height squared (mô). 
Anthropometric indices were measured 
according to standardized methods of WHO “®. 
2- Laboratory measurements 

After an overnight fast, blood samples 
were antecubital vein into vacationer tubes, 
FBG was determined according to “®. The 
method of Abraham et al. “*) was used for 
blood HbAlc determination. Serum was 
separated by centrifugation and used for 
determination of ferritin using kit protocol 
(Cat.No.:EK-310-25) provided by PHOENIX 
PHARMACEUTICALS, INC (Burlingame 
CA). Diabetic patients were categorized 
according to their HbAlc values into two sub- 
groups: Well controlled diabetic (WCD) with 
HbAIc value <7.0 % (and uncontrolled diabetic 
(UCD) with HbAlc value >7.0% according to 
Rohlfing et al." 


Statistical Analysis: 

All analyses were performed using the 
SPSS 19.0 statistical software (SPSS 19.0 for 
Windows; SPSS, Inc., Chicago, IL). Values 
were expressed as mean with standard deviation 
mean. Comparisons were done between the 
three groups using analysis of variance 
(ANOVA) followed by post hock Duncan 
analysis. Pearson Correlation analysis was used 
to examine the association between serum 
ferritin and other variables, Pearson Correlation 
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analysis was tested. P < 0.05 was considered 
statistically significant. 


RESULTS 

The present study was done on 84 type 
2 diabetic patients (40 male and 44 female, age 
range: 35-45 years with mean age of 40+5.4. 
Age and sex matched healthy subjects (20 male 
and 22 female) were used as normal control. 
When cases were grouped according to 
glycemic control (HbAlc values), WCD 
(HbAlc < 7%), included 38 patients (18 male 
and 20 female) and PCD (HbAlc <7%) 
included 46 patients (22 male and 24 female), 

There was a significant elevation in 
BMI as well as in the levels of FBG, HbAlc and 
serum ferritin of diabetic patients compared 
with normal control group (table 1). There was 
also a significant increase in BMI with mean 
value of 26.0342.28 and 27.93+2.48 for WCD 
and PCD, respectively as compared to normal 
control (23.8043.34). However, no significant 
differences were observed in BMI value 
between male and female of each glycemic 
status (figure 1). 

Significant pronounced increase was 
detected in FBG of PCD (311.45421.19 mg/dl) 
compared to (173.38413.61 mg/dl) in WCD 
(figure 2). Moreover, the differences between 
the two glycemic groups and normal control 
(87.35+8.55 mg/dl) were significant (p < 0.05). 
Furthermore, FBG levels of male and female of 
both glycemic statuses were significantly higher 
than their corresponding controls. No significant 
differences were found between FBG of male 
and female with WCD, while the levels in 
females FBG with PCD were significantly lower 
(p < 0.05) than their corresponding males 
(figure 2). 

Comparing to corresponding controls, 
% blood HbAIc of PCD & WCD (total diabetic 
patients, male and female) were significantly 
higher (figure 3). Moreover, the difference 
between PCD & WCD of diabetic patients was 
significant, while no significant differences 
were detected between male and females of each 
glycemic status. 

Serum ferritin was found to be 
significantly higher in diabetic cases with PCD 
(382.01431.41 ug/ml) & WCD (163.09+22.62 
ug/ml) than non-diabetic control (94.18+13.13 
ug/ml) (figure 4). The effect of gender on serum 
ferritin levels showed significant differences 
between the two glycemic statuses of both sexes 
as compared to their corresponding controls. 
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However, serum ferritin levels of females were 
significantly lower than males (p < 0.05). 

The correlations between serum ferritin 
versus BMI, FBG and HbAlc of the two 
glycemic status have been calculated with 
Pearson’s correlation co-efficient (r) has been 
calculated, and the r value with P was depicted 
in Table 2. 

There was no statistical association was 
found between serum ferritin and BMI of all 
cases of diabetes. However, there was positive 
correlation between serum ferritin, FBS and 
HbAlc of diabetic patients; it was more 
pronounced in PCD than WCD (table 2). 


DISCUSSION 

The levels BMI, FBG, %HbAIc and 
serum ferritin were significantly higher in 
diabetic patients. Similar findings were 
observed by Chandrashekhar et al. and 
Kundu et al.“ 

Serum ferritin, a reflector of body iron 
stores was significantly higher in diabetic 
patients when compared to controls. This 
possibly reflects the subclinical 
hemochromatosis developing in a long standing 
diabetic patient “”. Fernandez et al. °°) in their 
studies concluded that increased body iron 
stores are possibly associated with occurrence of 
glucose intolerance, type 2 diabetes and 
gestational diabetes. 

Elevated ferritin levels were indicated to 
be due to elevated body iron stores or ferritin is 
an acute-phase reactant and elevated ferritin 
may reflect inflammation or delayed clearance 
of glycosylated ferritin. It is also suggested that 
ferritin level is increased due to lack of 
glycemic control 7”, 

In our study, the more pronounced 
significant increase in serum ferritin levels was 
observed in poorly controlled type 2 diabetes 
compared to well controlled ones was consistent 
with the study of Chandrashekhar et al. “”, 
they confirmed that serum ferritin was increased 
in type 2 diabetic patients as long as glycemic 
control was not achieved. Moreover, Cantur et 
al. confirmed in their studies that poorly 
controlled diabetes patients had 
hyperferritinemia. This showed that serum 
ferritin was increased in diabetes as long as 
glycemic control was not achieved. In diabetic 
subjects, a positive correlation between 
increased serum ferritin and poor glycemic 
control, reflected by higher HbAIc has been 
suggested by Eschwege et al. >”. 
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The observed decrease in mean serum 
ferritin concentrations in females compared with 
males of the present study was consistent with 
previous studies ** 7°. It is suggested that this 
lower iron status in women is likely attributable 
to menstrual blood loss °% 7”, 

Our study showed no correlation 
between serum ferritin and BMI in all cases. 
Similar results were reported by 
Chandrashekhar et al. “” and Raj et al. ° in 
type 2 diabetic men. On the contrary; significant 
correlation was reported by Kundu et al. ®. 

In this study, we found that serum 
ferritin had a positive statistically significant 
correlation with FBS, HbAIC. These findings 
were consistent with study done by Hee et al. 
ed, Similarly, other studies °° ' showed an 
independent positive association between serum 
ferritin concentration and FBS and HbAIC. The 
effect of lowering serum ferritin levels on 
metabolic control of type 2 diabetes mellitus 
was studied by Cutler °”, by giving 
Desferoxamine that it resulted in decrease in 
HbAIC in patients with poorly controlled type 2 
Diabetes Mellitus. But, this was contradicted by 
Redmon et al. ©”, who found no such benefit 
by decreasing serum ferritin levels. 


CONCLUSION 

According to the observations made in 
this study, it is evident that positive correlation 
exists between serum ferritin levels and 
glycemic control. This highlights the need for 
strict glycemic control in these subjects. 


REFERENCES 

1-Sheikhpour R, Jalali B, and Afkhami-Ardekani 
M (2012): No Association between Serum Lipids 
Levels and Lipids Oxidizability in Type 2 Diabetes. 
Iranian Journal of Diabetes and Obesity, 4(2): 63-8. 
2-Ghazanfari Z, Haghdoost SA, and Mohammad 
A (2010): Comparison of HbAlc and Fasting Blood 
Sugar Tests in General Population. International 
Journal of Preventive Medicine, 1 (3): 187-94. 
3-Adeghate E, Schattner P, and Dunn E (2006): 
An update on the etiology and epidemiology of 
diabetes mellitus. Ann N Y Acad. Sci., 1084: 1-29. 
4-Pankaj B, Puja B, Akshay R, and Kansal HM 
(2011): Is serum ferritin associated with type I 
diabetes mellitus: A clinical study in a representative 
Indian population. J Med. Sci. Res., 2: 20-24. 

5- Jiang R, Manson JE, Meigs JB, Ma J, Rifai N, 
and Hu FB (2004): Body iron stores in relation to 
risk of type 2 diabetes in apparently healthy women. 
JAMA., 291: 711-717. 

6- Cooksey RC, Jouihan HA, Ajioka RS, et al. 
(2004): Oxidative stress, beta-cell apoptosis, and 


The Relationship between Serum Ferritin and Glycosylated Hemoglobin... 


decreased insulin secretory capacity in mouse models 
of hemochromatosis. Endocrinology, 145:5305-—5312 
7-Zafon C, Lecube A, and Sim’o R (2010): Iron in 
obesity. An ancient micronutrient for a modern 
disease, Obesity Reviews, 11(4) : 322-328. 
8-Dekker LH, Nicolaou M, and Van Der ADL 
(2013): Sex differences in the association between 
serum ferritin and fasting glucose in type 2 diabetes 
among South Asian, Surinamese African, 
Surinamese and ethnic Dutch: the population-based 
SUNSET study. Diabetes Care, 36(4): 965-971. 

9- Sun L, Zong G, and Pan A (2013):Elevated 
serum ferritin is associated with increased incidence 
of type 2 diabetes in middle aged and elderly Chinese 
adults, Journal of Nutrition, 143(9): 1459-1465. 
10-Feldt-Rasmussen (2006): Is there a need to 
optimize glycemic control in hemodialyzed diabetic 
patients? Kidney Int., 70: 1392—1394. 

11-Stolar M, (2010): Glycemic control and 
complications in type 2 diabetes mellitus. Am J 
Med., 123(3): S3-11. 

12-American Diabetes Association (2012): 
Diagnosis of diabetes mellitus. Diabetes Care, 1(27): 
57-59. 

13-WHO (1995): Physical status; the use and 
interpretation of anthropometry. Report of a WHO 
Expert Committee, Technical Report Series, No. 854; 
pp. 268-36. Geneva. 

14-Barham D, and Trinder P (1972): An improved 
color reagent for the determination of blood glucose 
by the oxidase system. Analyst, 97: 142-145. 

15- Abraham E C, HuffT A, Cope ND, Wilson JB 
Jr, Bransome ED Jr, and Huisma TH (1978): 
Determination of the glycosylated hemoglobin 
(HbA1) with a new microcolumn procedure: 
Suitability of the technique to assess the clinical 
management of diabetes mellitus, Diabetes, 27 (9): 
931-7. 

16- Rohlfing CL, Wiedmeyer HM, Little RR, 
England JD, Tennill A, and Goldstein DE (2002): 
Defining the relationship between serum glucose and 
HbAlc: analysis of glucose profiles and HbAlc in 


the Diabetes Control and Complications trial. 
Diabetes Care, 25: 275-278. 
17-Chandrashekhar HR, Shekar HS, 


KiranNagaraju, Chikkalingiah and Bhagavan BC 
(2014): Association of Serum Ferritin Levels with 
Glycemic Control in type-2 Diabetes Mellitus. Indian 
J. of Pharmacy Practice, 7 (1): 58-61. 

18-Kundu AR, Mandal T, Bandyopadhyay U, 
Ghosh E, and Ray D (2013): Relation of iron stores 
to oxidative stress in type 2 diabetes. Nigerian 
Journal of Clinical Practice, 16(1):100-103. 
19-Moczulski DK, Grzeszczak W, and Gawlik B 
(2001): Role of hemochromatosis C282Y and H63D 
mutations in HFE gene in development of type 2 


408 


diabetes and diabetic nephropathy. Diabetes Care, 
24: 1187-91. 

20- Fernández-Real JM, Pefiarroja G, Castro A, 
García-Bragado F, López-Bermejo A, and Ricart 
W (2002): Bloodletting in high ferritin type 2 
diabetes: effects on vascular reactivity. Diabetes 
Care, 25: 2249-55. 

21- Smotra S, and Kudyar RP (2008): Relationship 
between serum ferritin and type-2 diabetes mellitus. 
Journal Knowledge Science, published in Jammu and 
Kashmir, 10:170-4. 

22-Cantur KZ, Cetinarslay B, Tarkun I, and 
Canturk NZ (2003): Serum ferritin levels in 
poorly- and well-controlled diabetes mellitus. 
Endocr. Res., 29:299-306. 

23- Eschwege E, Saddi R, Wacjman H, Levy R, 
Thibult N, and Duchateau A (1982): Hemoglobin 
Alc in patients on venesection therapy for 
haemochromatosis. Diabete. Metab., 8: 137-40. 

24- Rushton DH, Dover R, Sainsbury AW, Norris 
MJ, and Gilkes JJ (2001): Ramsay ID. Why should 
women have lower reference limits for hemoglobin 
and ferritin concentrations than men? BMJ., 322: 
1355-1357. 

25- Kim CH, Kim HK, Bae SJ, Park JY, and Lee 
KU (2011): Association of elevated serum ferritin 
concentration with insulin resistance and impaired 
glucose metabolism in Korean men and women. 
Metabolism, 60: 414—420. 

26- Acton RT, Barton JC, Passmore LV (2006): 
Relationships of serum ferritin, transferrin saturation, 
and HFE mutations and self-reported diabetes in the 
Hemochromatosis and Iron Overload Screening 
(HEIRS) study. Diabetes Care, 29: 2084-2089. 

27- Shi Z, Hu X, Yuan B, Pan X, Meyer HE, and 
Holmboe-Ottesen G (2006): Association between 
serum ferritin, hemoglobin, iron intake, and diabetes 
in adults in Jiangsu, China. Diabetes Care, 29: 1878— 
1883. 

28-Raj SG, and Rajan V (2013): Correlation 
between elevated serum ferritin and HbAIc in type 2 
diabetes mellitus. Int. J Res. Med. Sci., 1(1):12-15. 
29- Hee NK, Heon J, Kyung MC (2000): Serum 
Ferritin in healthy subjects and type 2 diabetic 
patients. Yonsei Medical Journal, 41(3): 387-392. 
30- Yan R, Haoming T, and Xiujun L (2004): 
Elevated serum ferritin concentration in a glucose 
impaired population and in normal glucose tolerant 
first degree relatives in familial type 2 diabetic 
pedigrees. Diabetes care, 27: 622-623. 

31- Cutler P (2003): Deferoxamine therapy in high 
ferritin diabetes.Diabetes, 38:1207-1210. 

32- Redmon JB, Pyzdrowski KL, and Robertson 
P (1993): No effect of Deferoxamine therapy on 
glucose homeostasis and insulin secretion in 
individuals with NIDDM and elevated serum ferritin. 
Diabetes, 42: 544-549 


Shawkia Abd El-Halim and Lobna El-Hadidy 


Table (1): BMI; FBG; HbA1c and serum ferritin of diabetic patients &healthy control 


























Normal control (n=42) Diabetic patients 
Parameters (n=84) 
BMI 23.8843.34 26.9844.27° 
FBG 87.35+15.32 272.55+13.63 ° 
HbAIc 5.42+0.81 8.76+0.63 ° 
Serum Ferritin 94.18+411.13 272.55+13.6° 








BMI: Body mass index- FBG: Fasting blood glucose- HbAlc: Glycated hemoglobin. P < 0.05 


difference between patients and control. 


a: Significant 
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Figure (1): BMI of normal control and diabetic patients categorized by gender and glycemic 
control. BMI: Body mass index. PCD: Poor controlled diabetes. WCD: Will controlled diabetes. 


p < 0.05 
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Figure (2): FBG of normal control and diabetic patients categorized by gender and glycemic 
control. FBG: Fasting blood glucose. PCD: Poor controlled diabetes, WCD: Will controlled diabetes. 
P < 0.05 











kl] Normal control 
o WCD 
rı PCD 


F 
Y 
f 
Z 





Figure (3): Blood HbAlc of normal control and diabetic patients categorized by gender and 
glycemic control. HbAlc: %Glycated hemoglobin. PCD: Poor controlled diabetes. WCD: Will 
controlled diabetes. p < 0.05 
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Figure (4): Serum ferritin of normal control and diabetic patients categorized by gender and 
glycemic control. PCD: Poor controlled diabetes. WCD: Will controlled diabetes 


p < 0.05 


Table (4): Correlation between serum ferritin and the measured parameters in normal control & 
diabetic patients according to glycemic control and gender 









































Male Female Total 
Normal Patients Normal Patients Normal Patients 
Parameters control WCD PCD control WCD PCD control WCD PCD 
r (p-value) r (p-value) r (p-value) 

BMI 0.836 0.055 | -0.121| 0.283 -0.292 | 0.114 0.595 -0.078 0.110 
(0.000) (0.812) (0.601 (0.213) (0.200) (0.623)} (0.000) (0.621) (0.490) 

FBS -0.033 0.313 0.516 0.255 0.349 -0.587 0.133 0.309 0.460 
(0.886) (0.027) (0.01)} (0.265) (0.003) (0.005)} (0.342) (0.05) (0.011) 

HbAIc 0.190 0.771 0.608 0.153 0.460 0.508 0.194 0.732 0.493 
(0.409) (0.048) (0.001) (0.509) (0.011) (0.001) (0.219) (.046) (0.006) 




















BMI: Body mass index 


FBG: Fasting blood glucose 
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HbAIc: Glycated hemoglobin 





